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[57] ABSTRACT 

An apparatus and method of producing enhanced digital 
imaging for printing data or reproduction process data 
(digital camera data) from the combination of dot siZe 
(amplitude) and dot density (frequency) halftone screens, 
Whereof each halftone screen represents continuous “gray 
tone” (grey tone) input image levels. The method includes 
creating a dot frequency modulation (FM modulation— 
dispersed dot technique) in lighter areas Which otherwise 
Would require a dot siZe Which is beloW user de?nable “dot 
siZe limit”. This dot frequency modulation randomly deletes 
dots from the dot area modulation screen (AM modulation— 
cluster dot technique) in these lighter areas. The percentage 
of frequency modulation is graduated over the range of gray 
values Which reduces objectionable visual transitions. 
Enhanced overall de?nition over the gray scale range of 0 to 
100 percent (i.e., Where 100 is equal to “255” in 8-bit 
environment), speci?cally over the more visually perceptive 
gray scale range of 0 to 20 (i.e., out of 0—255 value) is 
achieved. The apparatus Which implements the method is 
positioned intermediate a desktop publishing system and an 
image setter. 

1 Claim, 11 Drawing Sheets 

27 

gray scale (continuous tone) dqtcl=N 47 

30 THRESHOLD MINIMUM 
\_/~\ DETECTOR —0 DOT SIZE 

IS N < MIN SIZE ? USER SELECTED 

38 m (YES) (No) ,-\/ 32 

RANDOM NUMBER NORMAL BASE 
40w ANSEQESABEgNmY AM ARRAY <— ARRAY 

GENE O GENERATION 8 RATI N DAEA 

IS RANDOM NUMBER 42 
< N ’\/ 

MIN SIZE ? 

50 w (YES) (NO) 

NULL MIN DOT 
ARRAY ’\/ 52 ARRAY "w 46 

GENERATION GENERATION N 36 

N 54 N 48 

I 

(HALFI'ONE DATA) 

II 
TO IMAGE SETTER 



U.S. Patent Apr. 6, 1999 Sheet 1 0f 11 5,892,588 

281 
DESKTOP 27 
COMPUTER 2 

I (DIGITAL IMAGE 

DATA) SCANNER N23 

DIGITAL 
CAMERA N 25 

583 
AM SCREENING 
GRAY VALUE 

41o THRESHOLD 

V" ARRAY 39 
~37 

LOGICAL 35 ——h 
4 OPERATION rv 

33/‘ THigggsw ‘T’CALCULATION CIRCUIT 
4'7 43a 
2 PASS 

(SYSTEM INPUT BASE 45 THROUGH 
OF DOT 0-D ARRAY "\J 

SIZE LIMIT) 49 

51 IMAGE 
SE'ITER 



4 

U.S. Patent Apr. 6, 1999 Sheet 2 0f 11 

l— 33 —|f\,39 
P) PROBABILITY ( 57 

CALCULATOR C530 1 |-— - _ 
(P=GRAY/MIN DOT) 

DECISION 

RANDOM NUMBER (N°') P > NoCi-RQFLlJ-lrRrESHOLD 
GENERATOR ' ARRAY 

0 To 1 P < No.=NULL 
2 55,1 ARRAY 
55 

FIG. 2 

8A., 

5,892,588 

410 



U.S. Patent Apr. 6, 1999 

gray scale (continuous tone) doto=N 

T 
30 THRESHOLD 

DETECTOR 
IS N < MIN SIZE ? 

Sheet 3 0f 11 5,892,588 

27 

4&7 
MINIMUM 

—0 DOT SIZE 
USER SELECTED 

38 w (YES) (NO) N 32 

RANDOM NUMBER NORMAL BASE 
40 w GENERATION AM ARRAY <- ARRAY 

AND PROBABILIW GENERATION DATA 
GENERA'IION 2 8 

IS RANDOM NUMBER 42 
< N ’_\./ 

MIN SIZE ? 

5O \/\ (YES) (NO) 

NULL MIN DOT 
ARRAY N52 ARRAY ’\/46 

GENERATION GENERATION ’-\_, 36 

54 ’-\_/48 

I 

(HALFTONE DATA) 

Y 
TO IMAGE SEITER FIG. 3 



U.S. Patent Apr. 6, 1999 Sheet 4 0f 11 5,892,588 

grey vaiue _, 59 
(from image) 

/63 
61 probability = 

minimum dot , get random 
(user defined) w number (0-1) 

mmimum dot /~ 67 

dot array ~69 null array “Q73 

final 

halftone 75 F I 3o 
dOt 



U.S. Patent Apr. 6, 1999 Sheet 5 0f 11 5,892,588 

m.w_h_ 



U.S. Patent Apr. 6, 1999 Sheet 6 0f 11 5,892,588 

w 



U.S. Patent Apr. 6, 1999 Sheet 7 0f 11 5,892,588 

0; 



U.S. Patent Apr. 6, 1999 Sheet 8 0f 11 5,892,588 

0000000000000... 

000.000.000.000. 

0000000000000... 
0000000000000... 

0000000000000... 

0000000000000... 

0000000000000... 

0000000000000... 

0000000000000... 

0000000000000... 
0000000000000... 
000.000.0000.... 

000.000.0000.... 

FIG.8 

FIG.9 



U.S. Patent Apr. 6, 1999 Sheet 9 0f 11 5,892,588 

__.mv_n_ 2w 8 8 R 8 mo 2 5 mm .5 
mm mm Rm 2‘ um I‘ m¢ mm 6 5 mm mm mm mm E or ¢m mm mm mm mm wm om NP m w 3. mm on mm on 9» m_. or m N 0 mm mw no mm ww mm \- P o I w? mm I. wm 5 mm m_. m w mw _.m D‘ mm mm mm mm mm 5 cm mm vm mm mm om 00 mm. vw o¢ om mw mm mm wm mm mm om NN. vw mm on ww mm mm 





U.S. Patent Apr. 6, 1999 Sheet 11 0f 11 

98 92 84 76 72 8O 88 96 

94 63 56 44 52 90 

86 55 34 29 25 32 59 82 

78 47 31 13:1 27 51 74 

71 38 18 111;" 123 42 66 
67 43 22. Ii. 10 19 46 

75 50 26 14 f‘ 'i; 12 30 54 79 
83 58 33 24 28 35 99 87 

91 53 45 49 57 62 95 

97 89 81 73 77 85 93 99 

FIG. 

5,892,588 



5,892,588 
1 

DIGITAL HALFTONING COMBINING DOT 
SIZE MODULATION SCREEN WITH DOT 
FREQUENCY MODULATION SCREEN 

WITHIN A SINGLE IMAGE 

BACKGROUND OF THE INVENTION 

The present invention is directed to the ?eld of digital 
image processing to produce half-tone image data for driv 
ing a printing machine, such as an image setter Which 
images ?lms or plates to be printed on a ?exo-press (a 
?exographic press), and is also directed to the use of 
halftone image screens to produce enhanced image data 
from the data provided from digital sources including desk 
top publishing outputs, scanner outputs and a digital camera 
outputs. 

Digital halftoning is a computer graphics technique for 
producing an image, With many gray levels, on a binary 
imaging device in Which the gray levels are approximated by 
black and White dots. The image presentation (character, 
shape, and shading) is achieved by changing percentage of 
area coverage (dot intensity) from region to region (pixel 
region to pixel region). Dot intensity is altered by altering 
dot siZe (amplitude—cluster dot pattern screening) or by 
altering dot density (frequency—dispersed dot pattern 
screening). 

In digital halftoning systems and methods, dispersed dot 
patterns are created by error diffusion techniques (stochastic 
generators) Which provide a randomiZed grain effect pattern. 
The siZe of the halftone dot, Whose shape can vary from 
screen format to screen format, is ?xed for a given screen. 
Lighter and darker (gray) values are created by varying the 
population density of the dots. Cluster dot patterns are 
generated by selecting a distance betWeen halftone dots for 
the particular screen. Different gray values are achieved by 
varying the siZe of the dots. Conventional screen sets have 
been available With dot siZes that permit typically betWeen 
50 and 200 dots per inch. 

Regardless of screen pattern selected, as pattern intensity 
is increased (percentage of area covered), image darkness an 
thereby resolution changes. With digital formats and digital 
implementation, and increase in gray value (number) results 
in an increased percent coverage. 

In higher gray scale regions (darker) of an image 
generated, the cluster dot pattern screens have provided 
better visual acceptance of the imaging. In loWer gray scale 
regions (lighter) of an image, the dispersed dot pattern 
screens have provided better visual acceptance of the imag 
ing. It Would therefore be logical to combine these tWo 
screens. HoWever, When these tWo dot pattern screens have 
been combined to generate a single image, the transition 
betWeen screen types has created an optically undesirable 
transition effect. 

Moreover, In many reproduction processes, imaging dots 
beloW a speci?c siZe are not possible or problematic to 
generate and process. Therefore, reproducing gray levels in 
light tones is not possible or problematic, in such systems. 

Flexographic press printing (relief printing With ?exible 
rubber-like plates fastened to a cylinder) is a process in 
Which the ability to achieve smaller imaged dot siZes has 
been limited. Typically, dot siZes have been limited to 40 
microns or greater. Therefore, the de?nition quality of the 
printed image has been noticeably degraded in lighter areas. 
What is desired is an improved digital imaging technique 

Which provides enhanced digital imaging over the entire 
range of gray scale values, and speci?cally in loW gray scale 
values. 
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2 
What is also desired is an algorithm for implementing the 

digital technique Which can enhance the image produced in 
loWer gray levels (lighter areas of the image) When the 
smallest dot siZe available is not small enough to provide 
good images at those loWer gray levels. 
What is further desired is an apparatus to provide such 

enhanced digital imaging and for the implementation of the 
algorithm. 

SUMMARY OF THE INVENTION 

The objectives of the present invention are realiZed in a 
digital processor implemented structure Which operates 
upon digital image data received from a continuous tone 
image source. Enhanced digital image data is provided in 
Which there is a compensation for a lack of ability of 
processing and printing equipment to generate smaller dots 
normally needed for loWer gray level imaging. The process 
carried out by the structure combines dot siZe modulation 
screening With dot frequency modulation screening in a 
single screening image by varying the density of the dots to 
improve reproduction of the light tones. The method uses 
dot siZe modulation (AM screening) to reproduce the image 
in the region higher gray scale values and then frequency 
modulates the output of the dot siZe screening in the loWer 
gray scale values including that region of the image in Which 
Would normally require dot siZes beloW a user de?nable dot 
siZe limit. 

Gray levels in regions beloW the user de?nable limit are 
achieved by randomly deleting a percentage of the popula 
tion of the dots. Because the dot frequency modulation effect 
is created from the dot area (dot siZe modulation—AM 
screening) modulation screen, the transition from dot area 
modulation to dot frequency modulation is a continuous 
change (occurs gradually) over a range of gray values. 
The implementation of randomly deleting a percentage of 

the population of the dots includes a threshold array of all 
dot siZes beloW the user de?ned minimum siZe. A second 
“null” value array is also used. In pixel processing an 
algorithm determines Which array to access. If the threshold 
array is called, then a value from that array is chosen, If the 
null array is called then a nullity (i.e., a deleted dot) is 
chosen. 
The values in the threshold array are enabled or disabled 

from the calculation as a function of the threshold value 

entered (dot siZe limit). 
The structure in Which the invention is resident imple 

ments a digital halftoning imaging method Which produces 
enhanced loWer gray scale imaging even When the dot siZe 
normally required for such loWer gray scale imaging is not 
available. 

DESCRIPTION OF THE DRAWINGS 

The features, advantages and operation of the present 
invention Will become readily apparent and further under 
stood from a reading of the folloWing detailed description 
With the accompanying draWings, in Which like numerals 
refer to like elements, and in Which: 

FIG. 1 shoWs a block diagram of the circuitry for imple 
menting the present invention; 

FIG. 2 shoWs a block diagram of the circuitry for imple 
menting the logical operation calculation circuit of FIG. 1; 

FIG. 3 shoWs the logic step operations carried on by the 
circuitry of FIG. 1; 

FIG. 3a shoWs the step operations carried on by the 
logical operation calculation circuit of FIG. 2 and is a detail 
of the random number and probability generation steps of 
FIG. 3; 
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FIG. 4 shows a dot size modulation (AM screening) 
pattern for gray scale values from 1 to 100; 

FIG. 5 shoWs a dot density (frequency) modulation (FM 
screening) pattern for gray scale values from 1 to 100; 

FIG. 6 shoWs the readily observable transition encoun 
tered When imaging is implemented With halftoning of FM 
screening and AM screening; 

FIG. 7 shoWs a minimiZing of the observable transition by 
gradual merging of AM and FM screening over a Zone 
region Where minimum dot siZe is of a signi?cant value (eg 
3% or higher); 

FIG. 8 shoWs an enlargement of a pattern of minimum 
siZe dot of 10%; 

FIG. 9 shoWs the dot pattern of FIG. 8 With 50% of the 
dots randomly deleted, thereby yielding a resultant effect of 
a 5% dot siZe pattern; 

FIG. 10 shoWs the dot pattern generated for gray scale 
values of 1 to 100 With the method and apparatus of the 
present invention; 

FIG. 11 shoWs a base array; 
FIG. 12 shoWs a 50% dot siZe threshold array; and 
FIG. 13 shoWs a minimum array for a user selected 

minimum siZe of 10%. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is a method of digital imaging by 
gray tone to halftone generation and thereafter by halftone 
processing Which produces an enhanced digitally generated 
image output When the system hardWare parameters have 
dot siZe limits above the de?nition desired in the image. The 
method and apparatus operates principally upon AM screen 
ing dots (siZe modulated dot pattern) and then frequency 
modulates the dot pattern to varying degrees of random 
deletion to generate resultant effects of siZe modulated dot 
pattern beloW the dot siZe limitations of the system hard 
Ware. 

Digital continuous tone image data generated from any of 
a plurality of devices, FIG. 1, such as graphics from a 
desktop computer 21, images from a scanner 23 and images 
from a digital camera 25. The output from the scanner 23 
and the output from a digital camera 25, are fed into the 
computer 21 Which supplies the image data to the halftoning 
portion of the invention. The digital image data 27 is 
connected to be sent to an AM screening gray value thresh 
old detector 33. In this circuit 33 dot area modulation 
screening is conducted. The halftone image data Which has 
a value above the selected gray value, eg 10, is passed 
through 35 Without further processing. The halftone image 
data Which has a value beloW gray value 10 is sent 37 to a 
logical operation calculation circuit 39. In this circuit 39 dot 
frequency modulation is applied to the dot area modulated 
halftone data received from the circuit 33. 

The threshold value (eg 10) is chosen at a percentage of 
the possible dot siZe pattern dictated by system minimum 
dot siZe. Typically, if minimum dot siZe is 40 microns on the 
plate (4% at 150 lines per inch dot siZe modulation screen) 
then this threshold is set at gray value of 4><2.55=10. 

The logical operation calculation circuit 39 is connected 
to obtain values from a null array 41 via the decision line 
41a, and a threshold array 43 via the decision line 43a, on 
an exclusive basis for each piXel. The values in the threshold 
array are loaded from a base array 45 as a function of the dot 
siZe limit value 47 input from the system parameters. 

The output from the logical operation calculation circuit 
39 is joined With the pass through output 35 from the AM 
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4 
screening gray value threshold detector circuit 33 to form 
composite image data 49, Which is sent to the image setter 
51 of a ?eXographic press printing system. 
The circuitry, FIG. 2, implemented Within the logical 

operation calculation circuit 39 includes a probability cal 
culator 53 Which calculates a probability value 53a as gray 
value divided by minimum dot siZe. A random number 
generator 55 generates number values 55a from 0 to 1. A 
decision circuit 57 receives both the probability value 53a 
and the current random number 55a. If the probability value 
53a is greater than the random number 55a, the threshold 
array 43 is read via the decision line 43a. If the probability 
value 53a is less than the current random number 55a, the 
null array 41 is read via the decision line 41a. 
The process steps carried out With the AM screening gray 

value threshold detector circuit 33, the logical operation 
calculation circuit 39 and the arrays 41, 43, 45 are shoWn in 
FIG. 3. The continuous tone (gray scale) image data 27 is 
designated as “N” in the logical operations and is obtained 
from the digital source. A minimum dot siZe 47 determined 
by the user is obtained. This minimum dot siZe 47 is 
designated in the logical steps as “MIN”. It is the dot siZe 
necessary to do successful AM screening (dot siZe 
modulation). The value is empirically selected by the user 
base on equipment performance, after a engineering recom 
mendation based on knoWn equipment parameters. 
The threshold detector operation determines if “N” is less 

than “MIN” step 30, FIG. 3. If no, 32, then the gray scale 
data is half-toned using a normal AM array Which is gen 
erated 34 after obtaining the base array data 36. The output 
from the normal dot siZe modulation step 34 is sent 36 to the 
image setter With other composite data for the image. 

If “N” is greater than “MIN” 38, then the a random 
number from 0 to 1 is generated. This random number is 
kept in this range because the other calculation ?gures are in 
that range. Also a “probability” value is generated. The 
“probability” is equal to the gray value divided by “MIN”. 
These operations are designated as step 40. 

FolloWing this step 40, a determination is made if the 
random number is less than the “probability” (“N” divided 
by “MIN”), step 42. If no 44, then a “MIN” dot array is 
generated 46 and the data is operated upon using this “MIN” 
dot array, and then passed 48 onto the image setter as part 
of the composite halftoned image data. 

If the random number is less than the “probability” 50, 
then a null array is generated and the data is operated upon 
using the null array, step 52. The output from this step 52 is 
passed 54 on to the image setter as part of the composite 
halftoned image data. This output component 54 is a nullity 
and determines the random deleted spaces. 
The method steps carried out in steps 40, 42, 46 and 52 is 

shoWn in greater detail in FIG. 3a. Gray values are obtained, 
step 59, from the image data received. The minimum dot 
siZe information 61 Which is user de?ned is also obtained 47. 
The probability value is calculated 63 and then fed to a 
decision step 65 Which determines if that probability value 
is greater than a random number generated 67. If it is larger 
67, the threshold dot array is read 69. If it is not larger 71, 
the null array is read 73. The reading of the dot array 69 or 
the null array 73 determines the ?nal halftone dot charac 
teriZation 75. 
The present invention does not use a dot siZe modulation 

screening pattern, FIG. 4, in its raW form for gray values 
from 1 to 100. Nor does it use a dot frequency modulation 
screening pattern, FIG. 5, in its raW form for gray values 
from 1 to 100. To miX these tWo patterns Would create the 
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composite hard threshold pattern, FIG. 6, or the gradual 
threshold pattern, FIG. 7. HoWever, the gradual threshold 
pattern of FIG. 7 is not possible in ?eXographic printing 
systems Where the smallness of the dot siZe is limited as 
being not possible or problematic. 

In such ?eXographic systems, Where dot siZe is limited to 
40 microns (eg 4%), there is no ability for the equipment 
to normally reproduce a gray value of less than 4% (i.e., 1 
to 4 on scale of 1 to 100). 

HoWever, the present invention can operate in a system 
Which has a dot siZe limit of for eXample 10%, FIG. 8, and 
produce gray levels beloW this point by randomly deleting a 
percentage of the population of the dots, such that the visual 
result is a smaller dot. If the 10% dot pattern, FIG. 8, is 
reduced by 50%, a 5% dot pattern, FIG. 9, results. 

Moreover, because the dot frequency modulation effect of 
this invention is created from the dot area modulation 
screen, the transition from dot area modulation to dot 
frequency modulation occurs gradually over the range of 
gray values. A 9% dot density is created by deleting 10% of 
the 10% dots; an 8% dot is created by deleting 20% of the 
10% dots. 

The resultant screen pattern, FIG. 10, has a transition from 
dot siZe modulation to dot density modulation Which is not 
visually objectionable. 

In a normal screening process a gray value is converted to 
a dot through an AM array generation from the base array 
shoWn in FIG. 11. This array, FIG. 11, shoWs the values for 
a 10 by 10 array. The values in each block of the array 
signify a percentage of coverage for that piXel, i.e., dot 
density from 0% to 99%. Agray level input to the array, FIG. 
11, produces a dot With all values in the array beloW a value 
set to 1 and all values above the threshold set to 0. As such, 
each gray level produces a different dot shape. 
A50% dot contains all the values beloW 50 set to 1, FIG. 

12, shaded region. This FIG. 12 illustrates a 50% dot 
threshold array. The shaded portion de?nes the threshold 
array 43, FIG. 1, values for these parameters (i.e., 50% dot). 
When the minimum dot value (dot siZe limit) is set to 10%, 
the threshold array 43, FIG. 1, looks like the shaded portion 
of the base array shoWn in FIG. 13. 

The array shoWn is FIG. 13 is the “MIN” array generated 
in step 46 of FIG. 3 and is the dot array 69 step shoWn in 
FIG. 3a for the 10% dot siZe limit. The blocks in the shaded 
region all shoW a number less than the threshold number, 
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6 
i.e., the “probability” equalling “N” divided by “MIN”. 
These blocks in the shaded region are then set equal to the 
threshold number. 

Many changes can be made in the above-described inven 
tion Without departing from the intent and scope thereof. It 
is thereby intended that the above description be read in the 
illustrative sense and not in the limiting sense. 
What is claimed is: 
1. In a digital halftoning imaging system for press imag 

ing equipment, a method of generating a dot density modu 
lation screen from a dot siZe modulation screen Within the 
same image, comprising the steps of: 

receiving a minimum dot siZe and setting it as a threshold 

value; 
receiving a base array for generating dot siZe modulation 

halftone screening; 
generating a minimum detection array using the minimum 

dot siZe threshold value set and the base array received; 

receiving continuous tone gray value digital image data; 
determining if the gray value of the image data is less than 

the minimum dot siZe threshold value; 
if the gray value is not less than the minimum dot siZe 

threshold value, then obtaining the base array and 
generating halftone AM (dot siZe modulation) screen 
ing of the image data; 

if the gray value is less than the minimum dot siZe 
threshold value, then calculating a probability value 
equal to the gray value divided by the minimum dot 
siZe threshold value; 

generating a random number in the range of 0 to 1; 

determining if the probability value is less than the 
random number; 

if the probability is less than the random number, then 
generating a null array and generating a halftone AM 
screening of the image data using that null array; 

if the probability is greater than the random number, then 
generating a minimum dot siZe threshold value array 
and generating a halftone AM screening of the image 
data using that minimum dot array; and 

compositing the individually processed halftone image 
data into image information for use by press imaging 
equipment. 


